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ABSTRACT
We present observations of several T Tauri stars using long baseline infrared interferometry from the Palomar
Testbed Interferometer. The target sources, T Tau N, SU Aur, RY Tau and DR Tau, are all known to be
surrounded by dusty circumstellar disks. The observations directly trace the inner regions (<1 AU) of the
disk and can be used to constrain the physical properties of this material. For three of the sources observed,
the size scale of the infrared emission is tenths of AU, which is considerably larger than predicted by at disk
models. We discuss the implications of these results for models of circumstellar material, in particular the recent
theoretical work suggesting the presence of an extended vertical wall at the inner edge of the disk.
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1. INTRODUCTION
Observational evidence for circumstellar material around most young stellar objects (YSOs) includes infrared
emission in excess of the stellar photosphere, broad forbidden line proles, and emission at millimeter wave-
lengths. Although the dust column density is inferred to be quite high, the sources are often optically visible,
implying a geometrically at distribution of the material. A disk morphology is also predicted by star formation
theories as a consequence of conservation of angular momentum. These disks not only provide a conduit for
material to accrete onto the central star, but are also a reservoir of material from which a potential planetary
system might form.
Characterizing the physical properties of the inner disk is important for theories of hydrodynamic disk winds
and for understanding the initial conditions of planet formation. The structure of T Tauri (YSO's with stellar
mass up to a few M

) circumstellar disks has been studied using spectral energy distributions (SED's), spectral
line proles and imaging at infrared and (sub)-millimeter wavelengths. The infrared to millimeter wavelength
continuum emission from the disk arises from dust emission. The millimeter emission from several T Tauri
sources has been resolved (see review in Ref. 1). These observations are sensitive to emission from cooler dust
and provide spatial information on size scales of several tens of AU. The disk physical properties on much
smaller scales (< few AU) are generally inferred through examination of the spectral line shapes and modeling
of the SED. Infrared interferometry provides a method to directly observe the inner disk.
2. DATA
Infrared interferometry data were taken at the Palomar Testbed Interferometer (PTI), which is described in
detail in Ref. 2. PTI is a long-baseline, direct detection interferometer which utilizes active fringe tracking in
the infrared. It was developed as a testbed for the Keck Interferometer, but is also used extensively for scientic
observations. Data were obtained in the K band (2.2 m) in both the NS (110 meter) and NW (85 meter)
baselines. The T Tau and SU Aur observations are described in Ref. 3. Observations of RY Tau and DR Tau
were obtained between September 2001 and February 2002 and are described in Ref. 4.
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The data were calibrated using the standard PTI method.
5
Briey, a synthetic wide-band channel is formed
from ve spectrometer channels ( = 2:0  2:4). The system visibility, the response of the interferometer to an
unresolved object, is measured using calibrator stars. Calibrator star sizes were estimated using a blackbody
t to photometric data from the literature and were internally consistent. Calibrators were chosen for their
proximity to the source and for small angular size, minimizing systematic errors in deriving the system visibility.
All calibrators used here have angular diameters < 0:8 milliarcsec (mas) and were assigned uncertainties of 0.1
mas. The calibrated data are presented in normalized squared visibility (V
2
=1 for an unresolved source). The
calibrated visibility uncertainties are a combination of the calibrator size uncertainty and the internal scatter
in the data. As DR Tau is near the sensitivity limit for PTI, the wide-band data are used rather than the
synthetic wide-band (spectral channel) data.
3. SOURCES
All four sources are located in the Taurus-Aurigae molecular cloud (distance  140 pc) and are well studied T
Tauri objects. Stellar properties are given in Table 1. We note that there are large variations in the literature
for the total luminosity for some of the sources. For consistency, we have used the values from Ref. 6 for spectral
type, eective temperature and luminosity.
Source Sp Type T
e
(K) L
?
(L

) A
V
_
M(M

/yr) Ref.
T Tau N K0 5250 15.5 1.4 4 10
 8
6, 7
SU Aur G2 5860 12.9 0.9 1 10
 8
6, 7
RY Tau K1 5080 16.7 0.55 2:5 10
 8
6, 8
DR Tau K7 4060 3.0 1:2  3:2 3 10
 7
  8 10
 6
6{8
Table 1. Stellar parameters for the observed sources.
Notes on individual sources:
 The T Tau system comprises the optically visible star T Tau N and its infrared companion T Tau S, which
is itself a binary.
9
The PTI observations are of T Tau N, the component which dominates the millimeter
emission.
10
The incoherent contribution from T Tau S has been removed from the presented visibilities
using ux ratios measured by T. Beck.
 SU Aur has an SED similar to that of T Tau N, although Ref. 11 classied SU Aur separately from other
T Tauri's due to its high luminosity and broad absorption lines.
 RY Tau is associated with a reection nebulosity and has molecular line emission consistent with a
Keplerian disk.
12
 DR Tau is one of the most heavily veiled T Tauri stars and is highly variable in the optical.
7
As the
stellar photosphere is not visible even in the optical, the estimates for extinction and accretion rate in the
literature have a wide range (Table 1).
3.1. Spectral energy distributions
Optical and infrared photometry for each source were taken from the literature compilation of Ref. 6 and used to
determine the contribution of the stellar photosphere in the K band (Figure 1). For all sources except DR Tau,
the stellar photosphere was t using the de-reddened optical photometry and the blackbody temperature given
in Table 1. DR Tau is so heavily veiled that the optical ux is not dominated by the stellar photosphere. For
this source, a luminosity of 1.7 L

8
was used to set the ux level using an extinction of 2.0 magnitudes.
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Figure 1. De-reddened spectral energy distribution for each source (points) and the estimated photospheric contribution
(line). Note that the error bars plotted for the infrared photometry include source variability, while for the optical
photometry the variability is shown separately.
4. SIZE SCALE OF K BAND EMISSION
The photometric contribution for each source was removed from the visibilities using the ts shown in Figure 1.
T Tau N, SU Aur and RY Tau all have visibility less than 1, while the data from DR Tau is consistent with an
unresolved source. At the distance to these sources (140 pc), a star with a stellar radius of a few R

(typical
for T Tauris) subtends an angular diameter less than 0.1 mas, which is not resolvable at PTI.
A detailed discussion of the scenarios that could produce a visibility of less than 1 is contained in Ref. 3.
Briey, these include binary companions, other sources within the eld of view and a resolved source of emission.
T Tau N is known to have a companion which contributes to the measured visibilities, and its visibilities have
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been calibrated for this eect as described in Ref. 13. Given the lack of evidence for companions for the other
sources and the lack of time variation in the visibilities, we attribute the resolved visibility as arising from a
combination of a unresolved photosphere and a circumstellar disk component.
We t a Gaussian brightness distribution to the data as an estimate of the size scale of the K band emission
from the disk. The errors listed in the table are from the measurement and calibration uncertainties. There is
an additional error component due to the uncertainty in the photosphere-to-disk ux ratio. This uncertainty
is diÆcult to estimate given that the variability is attributed to variable stellar extinction and changes in the
accretion properties.
14
Source FWHM 
data
FWHM Position Inclination
mas mas AU angle (deg) angle (deg)
T Tau N 1.54 0.06 0.21 13220 29 15
SU Aur 1.05 0.08 0.15 12710 62 8
RY Tau 1.96 0.05 0.27 6210 303
DR Tau unres 0.8 unres { {
Table 2. Results of Gaussian ts. The uncertainty given (
data
) is for the calibrated visibilities only and does not
include the error in estimating the stellar/disk ratio.
As discussed in Ref. 3, the size scale of the K band emission indicated by the measured visibilities for T
Tau N, SU Aur and RY Tau is considerably larger than the size predicted by at accretion disk models with
parameters set by tting the SED.
4.1. Ring Model
Recent observations and theoretical work on the issue of inner disk structure have been done on Herbig Ae/Be
stars (hereafter HAeBe), the higher mass analogs of T Tauri's. Ref. 15 observed 15 HAeBe's with the IOTA
interferometer and found characteristic sizes larger than expected. Their measured visibilities were generally
more consistent with spherical envelopes or thin shells than with disk models. Ref. 16 used aperture masking
to image LkH101 and found an inner edge for the infrared emission at 3.4 AU, inferring that this position
is set by dust sublimation. Recent theoretical work proposes that a thick inner wall at the dust sublimation
radius would solve the discrepancy between near-infrared observations and previous models.
17, 18
Optically
thin material may be present within this radius.
To test this hypothesis, we t a simple ring model to each source (Table 3). The ring has a xed width of
10%. We compare the t radius to the radius at which the dust temperature is 1800 K, chosen to represent the
dust sublimation temperature. The dust radius is calculated using the stellar luminosity given in Table 1. As
shown in Figure 2, there is a correlation between these two quantities. We note that the model in Refs.17, 18
may only be valid for sources with low (10
 8
M

/yr) accretion rates and that this assumption is almost certainly
not valid for DR Tau.
Source Fit radius  Fit radius R
?
Fit radius/R
?
mas mas AU R

T Tau N 0.89 0.032 0.12 4.7 5.5
SU Aur 0.73 0.033 0.10 3.4 6.3
RY Tau 1.12 0.025 0.16 5.2 6.6
DR Tau unres 0.4 unres 3.5 <2.4
Table 3. Results of ring ts. The ring has a xed width of 10%. As with the Gaussian ts, the uncertainty given is for
the calibrated visibilities only and does not include the error in estimating the stellar/disk ratio.
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Figure 2. Comparison of the radius at which the dust temperature is 1800 K and the radius of a ring with 10% width
t to the data. Sources for which these two radii were equal would lie along the diagonal line.
5. DISCUSSION
Three of the four T Tauri sources observed are resolved in the infrared on milliarcsec scales, while the fourth
is unresolved. These results are consistent with the predictions of recent theoretical work.
17, 18
Interestingly,
DR Tau, which is unresolved, has an accretion rate at least an order of magnitude higher than the other sources
and the lowest eective temperature, both of which would tend to decrease the size of the disk inner radius.
The measured ring radius is consistently smaller than the size predicted for a dust temperature of 1800 K. This
could be due to an underestimation of the dust sublimation temperature or an overestimation of the stellar
luminosity. We note that other estimates in the literature for the stellar luminosities of these sources tend to
be lower than those used here.
In Table 3, we estimate the stellar radius using the luminosity and eective temperature values given in
Table 1. We can then calculate the measured size (using the ring t) in relation to the stellar radius. For the
resolved sources, this value is roughly 5{6 R
?
. In theoretical models of accretion disks including stellar magnetic
elds the inner disk is truncated near the radius where the disk and stellar rotational angular velocities are
equal.
19
For accretion rates of  10
 8
M

/yr, this truncation radius is  5 R
?
,
20
roughly the value calculated
for the three resolved sources, which all have accretion rates within a factor of a few of 10
 8
M

/yr.
Due to sensitivity constraints at PTI, the sources presented here are not representative of an average T
Tauri object, but are brighter and more luminous. Further observations of a wider range of T Tauri objects
are needed to characterize the inner disk properties as a function stellar properties, such as age, eective
temperature and accretion rate. The generation of interferometers currently under development, including the
Keck Interferometer, the Very Large Telescope Interferometer and the CHARA array, will be well suited for
these studies.
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